Introduction
Nowadays, when economics is supported by IT (Information Technology) the modern trading systems can meet the most demanding customer needs. With the increase of trading systems' complexity there is also a growing interest in combining them with artificial neural networks [2, 4, 7, 10, 11] , with an objective of maximizing profits. The financial market, which uses the most advanced IT solutions, provides a variety of products to meet this goal. From all of them, the most popular are financial instruments offered by the Stock Exchange, which may be the most profitable but there is also a risk of losing all assets [3] . This is why the Stock Exchange as a nonlinear dynamic system [10] is a challenge for the developed modelling schemes in which artificial neural network (ANN) are gaining in importance. The relation between risk and profit is presented in Fig. 1 .
Examples of possible use of ANN on the Stock Exchange are prediction of future stock market indices [2, 7, 10] , exchange rates [11] , share prices, etc. The most commonly used artificial neural networks to predict the trading signals are the feedforward neural networks (FNN) [4, 7, 11] and probabilistic neural networks (PNN) [10] , but also new approaches and ANN structures, like for e.g. State Space Wavelet Network (SSWN) [2] are still the subject of scientific studies.
However, analyzing the market state and examples from literature [3, 4] , it was found that it is risky to make investment decisions based solely on ANN prediction and without the use of risk models. Analysis of the market situation should be approached on many levels. Technical analysis provides many tools that can accomplish this goal. Therefore, in this work a hybrid approach combining technical analysis and ANN is proposed. • The market discounts everything.
• Prices are subject to trends.
• History repeats itself.
According to the above principles, technical analysis can serve as a starting point for creating a transaction system, which, on the basis of the decisions of an artificial neural network, provides the user with a set of companies that achieve the highest profit and the highest loss. As a consequence, the user obtains information on when and which securities should be sold or bought.
3 Application of ANN for prediction of closing prices 
Averages and indicators used for networks training
Technical analysis provides many tools that support investors in making decisions. The most commonly used are moving averages and oscillators, which were selected for the proposed approach [5] . These include the following:
• Moving averages: 
where: a -coefficient, (during a bear market).
For:
where U (k) -average increase in the k-th day, D(k) -average decrease in the k-th day 
5 Experimental research Market indicators for the input data were selected as described in literature [1, 4, 5, 13] or randomly. ANN training was performed according to the following rules:
1. All entered data were normalized using the following formula:
2. The results of each company were divided into two groups: learning data and testing data in the proportion 80:20 [9] .
3. Weights for each input were set randomly.
4. Neural networks were taught with the back propagation algorithm with momentum factor [7, 8] . which is listed in position 1 is shown in Fig. 3 . 
Summary and conclusions
The presented studies on application of neural networks for predicting the closing prices on the stock exchange have shown that the relatively low rates of errors were achieved (less than 1,5%). Hence, the studied neural In this approach, the ANN was able to predict with the low error rate, CLOSE value for next day. Nevertheless this approach has disadvantages. ANN is exposed to receive false signals from the market, which may ultimately lead to increase network errors. This explains the differences between the current and predicted by the network, CLOSE values in a number of periods. Taking this into consideration, the safer solution would be to use a neural network architecture no. 1 in Tab. 2. This network features a larger error, but is not so vulnerable to false signals from the market because economic models are incorporated into the proposed hybrid modeling scheme.
However, because the Stock Exchange market, often occurs uncontrollable, there is a need to protect investments by additional mechanisms and risk models, mitigating the impact of similar situations on the "investor's wallet." Still, regardless of the number of the developed neural networks and economic models, it should be the stock broker who makes the final decision to purchase or sell securities.
